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^ : Abstract 

We study the accuracy to be obtained in measuring trilinear Z°W + W~ and 
^h. r jW + W~ couplings in the reaction e + e~ — > W + W~ at "New Linear Collider" en- 

r-| ! ergies of SOOGeV to lOOOGeV. We derive simple scaling laws for the sensitivity in 

the measurement of these couplings. For most couplings the sensitivity increases as 



X 



vi • s, where L denotes the integrated luminosity and yfs denotes the e + e~ center- 
of-mass energy. Detailed investigations based on various fits confirm these scaling 
laws and show that an accuracy of the order of the standard radiative corrections 
can be reached at the NLC for the design values of the luminosity. 
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1 Introduction 



Our present empirical knowledge on electroweak phenomena is largely confined to vector-boson- 
fermion interactions. Our knowledge on other properties of the weak vector bosons, apart from 
their masses, is rather limited. Indirectly, the electroweak precision data[]J imply restrictions on 
non-standard bosonic self- interactions via model- independent bounds (see e.g. @) on radiative 
corrections. Direct investigations of these couplings at future colliders will be indispensable, 
however, for a full understanding of the electroweak interactions. 

We will discuss the measurements of the trilinear couplings among vector bosons in the 
process e + e~ — ► W + W~ []. The first experiments on this reaction will be carried out at LEP2 
in the near future. The potential of LEP2 for measuring the trilinear couplings among the 
vector bosons was analysed recently in some detail (see also |7j for earlier studies). At an 
e + e~ energy of about 190GeV and with an integrated luminosity of 500p6 _1 an accuracy of 
order 0.1 for the determination of the trilinear couplings can be reached. This will improve 
present direct constraints on the W + W~ r ) vertex from pp colliders || by more than one order 
of magnitude. Indirect bounds on non-standard couplings estimated from loop corrections ||, 
10|1 to electroweak precision data will be improved by factors ranging from about 2 to an order 



of magnitude. From these results, one will be able to rule out (or find) drastic deviations from 
standard- model predictions. Measurements at LEP2 will not be sufficient, however, as the 
appropriate scale for the precision to be aimed at is determined by the deviations from tree- 
level standard trilinear couplings induced by (standard) radiative corrections. This scale is of 
the order 10~ 2 to ||11|| . The question naturally arises, whether this level of sensitivity can 
be reached in the energy range and with the luminosities now envisaged for an e + e~ collider. 

In the present work, our recent analysis for the LEP2 energy range is extended to the 
energies of 500GeV and 1000GW of a future linear e+e--collider (NLC) pi p . 



2 Theoretical restrictions on non-standard couplings 

For the present analysis, we disregard the possibility of CP-violating couplings^. Assuming 
C— and P— invariant photon interactions, we can effectively describe |15j the r yW + W~ and 
Z°W + W~ couplings by the Lagrangian M 

L = -ie[A /1 (W-^W+ - W + ^W~) + F^W+W~} - iex^W+W- 
-ie{ctg9 w + 5 Z )[Z^W-» V W+ - W + » V W~) + Z^W+W~] - iex z Z» v W+W; 

+iej^F» x W^W v + » + ie^-Z^W^W^ 

+^Ld a Z° p (d' } W-W+ - &W-W+ + d<>W+W- - (2.1) 
m w 

where F^ u , Z^ u , are Abelian field-strength tensors for photon, Z and W ± bosons, respec- 
tively, and 

Z^,u = —€^ uap Z crp . (2-2) 



1 We refer to, e.g., ||] for a discussion of the quadrilinear couplings. Study of the self interactions of the 
vector bosons in other processes at future hadron colliders and in ej and 77 interactions can be found in 
and H, respectively. 

2 A unique procedure to search for CP-violating Z°W + W~ couplings via comparison of appropriate W~ and 
W + spin-density-matrix elements was presented in p4| . 
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The parameter 5z describes a deviation of the Z°W + W~ overall coupling from its standard 
value. Non-zero values of x 7 and xz parametrize potential deviations in the electromagnetic and 
weak dipole couplings from the standard model predictions, and y 7 , yz denote the strengths 
of non-standard dimension-six quadrupole interactions of the W^. The coupling zz describes 
a CP- conserving, but C- and P- violating, so-called anapole coupling of the Z° to the W ± . 



The Lagrangian (|2.1| ) contains the trilinear interactions of the standard model at tree level 
for the special case of 

5 Z = Xj = x z = = yz = z z = 0. (2.3) 

The symmetry and renormalizability requirements formulated in the standard electroweak the- 
ory lead to the restriction ( |2.3| ). In the most general phenomenological model-independent 
analysis of experimental data (assuming CP invariance) all six parameters in eq. (|2.1|) must 
be treated as independent ones. There are nevertheless theoretical as well as practical reasons 
to reduce the number of free trilinear (and quadrilinear) couplings by additional constraints 
based on S'L r (2)-symmetry requirements (refs. [jT6|]-[pO|]), thus excluding the theoretically most 
disfavoured deviations from the standard electroweak theory. 

The restrictions from SU(2) symmetry on the trilinear couplings in ( |2.1| ) can be simply 
reproduced by performing a transformation from the 7Z to the W 3 B (or, alternatively, the 
'jW 3 current-mixing) base in the Lagrangian fl2.1| ). Here, we briefly summarize the results and 
refer to refs. and |16| to p0| for details. 

Excluding intrinsic SU(2) violation, i.e., requiring restoration of SU(2) symmetry in the 



decoupling limit of the hypercharge (B^) field, e = s\y = 0, implies the condition |L6 



x z = -^x 7 (2.4) 
cw 

(where sw = e/ ' gw denotes the sine of the weak mixing angle and c w = 1 — s^r), while allowing 
for 

%j , S z , y 7 , yz ^ 0. (2.5) 

The number of free non-standard couplings is further reduced, if SU(2) symmetry is imposed 
on the quadrupole interaction, implying |E?| 



yz = —y 1 - (2.6) 

s w 

Further requirements, such as a fairly decent high-energy behaviour of the tree-level amplitudes 
for the scattering of vector bosons on each other, lead to additional constraints [Tj| [H| . The 
various constraints are collected in Table 1 taken from ref. ||. 

The three- free-parameter (5^,x 7 ,?/ 7 ) interaction Lagrangian with the constraints (|2.4| ) and 
( |2.6|) on xz and yz may be incorporated || |22] into a Lagrangian which is invariant under 



local SU(2) transformations^. While this embedding of the interactions into such a framework 
is irrelevant for the (tree- level) phenomenology of the reaction e + e~ — > W + W~, it is of impor- 
tance insofar as it provides an example of how non-standard couplings can coexist with LEP1 
precision data: the linearly realized local SU(2) symmetry assures 0, [T(J an at most logarith- 
mic dependence on the cut-off in one- loop corrections to LEP1 observables and decoupling of 
"new physics" effects. In the case of the dimension-six quadrupole interactions, local SU(2) 



symmetry is simply obtained |L7| by appropriate use of the non-Abelian field tensor for the W 



5 A complete list of such SU(2)l x U(1)y- operators can be found e.g. in ref. 
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Symmetry 



number 

of 
param. 



Couplings and constraints 



Lorentz-invariance 
C-, P-invariance 



>Z, X^, xz 



Exclusion of intrinsic SU(2) violation; 
local SU(2) L x U{1) Y , by including 
dim.-6 Higgs interaction via Lw^^Lb^, 



S z , x 



71 

x = -SML X 



Exclusion of s 2 terms in W + W~, etc. 
scattering; 

Exclusion of A 4 -divergence in p; 



7' 



s w c w ■ 



X = 

^ f TIP 



sw j. 
c w 7 



J W<p 



only 



only 



7' 



Sz = 0, x z = -25 



J W<t> 



-7) 



2swcw ' 



XZ 



sw x 



L W( f, — L B <j> or, alternatively, 
SU(2) W x SU{2) V x U{1) Y 



x z = 



Lorentz-invariance, 
C-, P-invariance 



S z ,x 1 ,x z ,y 1 ,yz 



Exclusion of 

intrinsic SU(2) violation 



S z , x 1 , y 1 , y z ; 
x _z = ~^7 



Local SU(2) L x U(1) Y ; 
L w $,Lb$ and quadrupole, L w 



SZ , Xry , y^ , 



xz = -%x„ y z = gfr 



Local S£/(2) L x U(1) Y 
Lw<f> and Lpi/ 



•"7> I/71 

5z 



2/7 



Local 5C/(2)i x C/(l) y 
Ljy only 



y 7 ; 

yz = fgfo 7 , S z = x^ = x z = 



Lorentz-invariance, 
C-, P- violation 



S z , x 1 , x z , y-y, yz, zz 



Table 1: Constraints on the , yW + W~ and Z°W + W~ couplings in Lagrangian eq. (H2.J\) . The 
second column shows the number of free parameters. The free parameters and the constraints 
defining the remaining parameters are displayed in the third column. In the upper part of the 
Table, dimension-six quadrupole terms are excluded by assumption {y 1 = yz = 0) , while in the 
lower part of the Table such terms are allowed. 
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field. For the dimension-four trilinear interactions, however, the introduction of non-standard 
Higgs interactions 0, [1^, |23|, |22|] is essential. The basic Lagrangian takes the form || ^2) 



/If 2 ^ 7 



SzSwCw)Lb(P + -T-p^&zSwCwLw<i> 
M w 



+e 



s w M w ' 



(2.7) 



with 



2cw 
. e 



2s 



'T 



(D„<, 



w 



L w = -w^(w x „ x w^), 



(21 



where denotes the covariant derivative 



(2.9) 



and w MJ , the non-Abelian field tensor 



= dpW v - d v W» - —W^ x W v . 

s w 



(2.10) 



Upon passing to the physical 7 and Z° fields in eq. fl2.7| ), for the trilinear couplings, one recovers 
Lagrangian ( |2.1|) with (Sz,x 7 ,y 7 ) as free parameters and the constraints ( |2.4|) and (|2.6|) for xz 
and yz, respectively. 

Various specific cases of the Lagrangians (|2.1|), (|2.7|), corresponding to different constraints 
among the couplings, are collected in Table 1 taken from 0. 



3 Scaling laws for the bounds on non-standard couplings 

The helicity amplitudes for the process e + e~ — > W + W~ corresponding to the general La- 
grangian ( p.l| ) were given in Table 3 of ref . || . Here we restrict ourselves to a brief discussion 
of the high-energy dependence of the cross section for the production of W ± bosons with corre- 
lated helicities. We will see that the sensitivity for the determination of non-standard couplings 
in the high-energy limit can be represented by a simple formula in terms of the e + e~ energy 
and the integrated e + e~ luminosity. 

We consider the cross section, a AA (s), where (A, A') = (L, T), for the production of W + W~- 
pairs of definite helicities. The indices T and L refer to longitudinal (W /± -helicity 0) and 
transverse (W /± -helicity ±1) polarizations, respectively. We assume that the non-standard 
couplings, 5z,x~/,xz, etc., are sufficiently small to be treated in the linear approximation, i.e., 
all purely non-standard contributions (proportional to 5z,x^,x 2 z , . . .) are neglected. The cross 
section a AA \s) then becomes 

a AA \s) = a AA \s) + £ xA^'is), +0(x*), (3.1) 

i=l 
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where a AA (s) denotes the standard-model cross section, and the parameters Xj stand for the six 
non-standard couplings in eq. ( [2.1|) , (x\, . . . , xq) = (5z, x 7 , . . . , zz)- The asymptotic (s ^> 4M^/) 
energy dependence of the coefficients A A A (s) in eq. (|3.1|) is easily obtained from the expressions 
for the helicity amplitudes explicitly represented in Tables 3 and 4 of ref. ||. The result is 
displayed in Table 20. Due to (energy-independent) selection rules for the dipole, quadrupole 
and anapole couplings, certain coefficients are vanishing in eq. fl3.ip and, consequently, certain 
entries in Table 2 are absent. 





TT 

T = T > 


TT 

t = -t' 


LL 


LT 




s~ 3 


s- 1 


s- 1 


s- 2 




s- 2 




const. 


s- 1 








const. 


s- 1 




s- 1 






s- 1 


K A '( s ) 








const 



Table 2: The asymptotic (s ^> 4Mj^ energy dependence of the standard model cross section 
(first row) and of the various non-standard contributions Af A (s) in eq. (\3. If both vector 
bosons, W + and W~ , have transverse polarization (TT), the two cases of equal (r = r' — ±1) 
and opposite (r = — r' = ±1) helicities have different high-energy behaviour, as indicated. 

Using Table 2, the energy dependence of the sensitivity for the measurement of the non- 
standard couplings is easily derived. Restricting ourselves to small non-standard contributions 
to o AA (s), an assumption already introduced in eq. ( |3.1| ), the statistical error of a measurement 
of the cross-section a AA (s) may be approximated by the error corresponding to the number of 
events calculated from the standard cross section, o~q A (s), via 

5N AA ' = const.^L-o AA \s). (3.2) 

In ( |3.2| ), L denotes the integrated e + e~ luminosity. An energy- independent proportionality 
constant, substantially larger than unity^, appears in (|3~2|) , since in actual experiments the 

4 We thank Dr. A. Pankov for a useful discussion related to the content of Table 2. 

5 Actually, the proportionality constant depends on A, A' . Its absolute value is irrelevant, however, for the 
relative values of the sensitivity (as a function of energy and luminosity) under consideration in the present 
section. 
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helicity information can only be extracted by an analysis of the decay distributions (in 
their respective rest frames, compare ref. and section 4 of the present paper). Equating the 
statistical error eq. ( |3.2|) with the number of non-standard excess events predicted by eq. ( [3.1|) , 



La AA '{s) = const.L- \ Y,xA? A '(s) I, (3.3) 

i 

allows one to determine (the energy dependence of) the sensitivity of a measurement of the cou- 
plings X{. Asymptotically, for given helicities, A, A', according to Table 2, those non-standard 
couplings are dominant in ( |3.3| ) which are associated with either a constant (in case of 6~z,x 7 , xz 
and zz) or else an s _1 (in case of ?/ 7 , yz) energy dependence. Accordingly, from eq. (|3.3| ) the 
sensitivity for the measurement of Xi (defined by the inverse of the magnitude of Xj) is deter- 
mined by the proportionality^ 



Af A '(^/-^7T, (3-4) 



Xi I 'V erf 4 ' (s 



where for a definite choice of x,, the right-hand side has to be evaluated for those helicities A, A', 
for which, according to Table 2, the cross section a AA (s) is dominated by the contribution 
proportional to x iy i.e., we have to use the following correspondance when evaluating eq. (|3.4|): 



(yj,yz) -> TT(t = t'), 
(8 1 ,x 1 ,x z ) — > LL, (3.5) 
z z -> LT. 

Explicitly, from eqs. ( [3.4=1) and ( |3.5|) , using Table 2, we find the results displayed in Table 3. 
According to this Table, the sensitivity for the anapole interaction increases as sVT, while 



coupling 


sensitivity 


8 Z , x 7 , x z , y-y, y z 









Table 3: Sensitivity for the determination of the non-standard couplings as a function of the 
integrated e + e~ luminosity, L, and the square of the center- of -mass energy, s. 



for all other couplings it increases as ys ■ L. We draw attention to the fact that the simple 
behaviour ( |3.4j ), ( |3.5| ) leading to Table 3, according to (|3.1| ), is based on the linear approximation 
in Xi. The neglect of terms of order x\ ■ (s/M^) will break down at sufficiently large values of s, 
even for small values of Xi. We will see, however, that the sensitivity is well described by Table 
3 in the range of energies and luminosities to be considered explicitly below. Finally, scaling 



6 When deriving (3.4) from (3.3), in general a sum of several Xi with energy-independent coefficients will 
appear in the numerator of (|3.4|) . The proportionality (3.4) then follows immediately. 
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laws can be different if the full helicity information is not taken into account, as helicity 
information explicitly enters our error analysis (e.g., in ( |3.2|) ). 

In summary, once the sensitivity is known for a specific energy (sufficiently above threshold, 
s » 4M^), and luminosity, the dependence from Table 3 may be used to predict the sensitivity 
for any other (asymptotic) energy. Explicit numerical results for the increase in sensitivity from 





L [pb- 1 








LEP 200 


500 










~ 11 


~ 28 


NLC 500 


10000 










~ 4 


~ 8 


NLC 1000 


44000 







Table 4: Increase in sensitivity according to ( \3.4\ ), ( \3.Q ) and Table 3. 
luminosities are listed in the second column. 



The assumed integrated 



LEP2 to the NLCQ, obtained by evaluating the formulae of Table 3, are presented in Table 4. 
In section 4, these results will be compared with the results of numerical simulations performed 
for the cases listed in Table 4. As expected from the above derivations, we will find perfect 
agreement with the simple scaling laws of Tables 3 and 4. 

4 Simulation of the experimental determination of the 
trilinear couplings. 

In the numerical analysis of the precision to be expected for the measurements of the trilinear 
couplings, we only consider events of the type 

e+ e - w+ W - I e± /e + 2 i ets > (4.1) 
I yrvp + 2 jets. 

For these events identification of the charge of the VT-bosons will be simple. We will not 

consider here the possibility of electron (positron) beam polarization (see e.g. [p4|). With 
the luminosities of Table 4, when assuming standard tree-level amplitudes for (on-shell) W 
production in the angular range of 

-0.98 < cos t? < 0.98, (4.2) 

one obtains 

~ 2900 events (E e+e = WOGeV), 

~ 13200 events (E e+e = 500GW), (4.3) 
~ 14000 events (E e+e = lOOOGeV). 



7 The integrated luminosity of 10/6 1 at 500GeV corresponds to ~ 10 7 sec. of operation for the Palmer F 
design of a linear collider [Il2| . This option of a linear collider has a narrow energy distribution around 500Ge V . 
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Following ref.0, we simulate the two-step procedure for the analysis of the data suggested 
therein. 

According to this procedure, in a first step, all observables, i.e., the differential cross section 
as well as the various single-particle spin-density-matrix elements and the W + W~ spin corre- 
lations, are to be determined. Only the well known V — A charged-current weak interaction 
enters, when extracting the spin properties of the produced W ± bosons from the measured W ± 
decay distributions. Consequently, as far as the W ± production process is concerned, this first 
step in the data analysis is entirely model independent. Once actual data will become available, 
a comparison with the results of the model-independent analysis with (standard and/or non- 
standard) theoretical predictions is to be carried out. In the subsequent second step the trilinear 
couplings are to be determined by a fitting procedure, using the differential cross section and 
the spin-density matrix elements as the empirical input. 

In our simulation of the first step of the data analysis we generate "data" for the three-fold 
differential cross sections 

da da da , „ „ . 

, , (4-4) 

d cos i!}d cos 6 \d(j)i ' <i cos $6? cos #2*^02 ' d cos "dd cos Q\d cos 62 

in accordance with the standard model, assuming the integrated luminosities given in Table 4 



and the corresponding event numbers (|4.3| ). In eq. ( 4.4j) , d denotes the H^-production angle 
and 9i,4>i(i = 1,2) denote the polar and azimuthal W ± decay angles. As a result of the fit, 
we obtained "data" in the form of standard-model values with statistical errors for all above- 
mentioned observables. 

In the second step, the differential cross sections and the density-matrix elements (with their 
errors) serve as the input for the determination of the trilinear couplings. Fits were carried out 
for the different parametrizations presented in Table 1. The conclusion of ref. [6] that helicity 
information is particularly important in multi-parameter fits and that it frequently improves 
bounds by factors of the order of 2, or by even larger factors, was found to remain valid at NLC 
energies. 

The resulting bounds on the non-standard couplings are collected in Table 5, and contour 
plots are presented for two different two-parameter fits in figs. la,b and for a three-parameter 
fit in figs. 2a,b,c. 

According to Table 5, the absolute values of the bounds (for one-parameter cases) at 500GeV^ 
reach the order of magnitude of the standard radiative corrections, which, when represented in 



terms of the couplings Sz, x 7 , xz, etc. flilf , are of the order of 0.01 to 0.001. For the beam 
energy 1000GeV such an accuracy can even be reached in certain multi-parameter cases. The 
strong bound on the anapole coupling, zz, even in the presence of all other non-standard terms, 
is related to the very particular helicity dependence of the anapole interaction (see Table 2). 

The explicit numerical results in Table 5 are in very good agreement with the predictions 
of the scaling law given by eqs. ( ^4|) , (|3.5|) and explicitly evaluated in Tables 3 and 4. Even 
though the scaling laws are based on the high-energy limit, s » 4Mjy, the numerical analysis 
shows their validity even when the LEP2 results at 190GeV are used as starting point. 

The disappearance of (x 7 , y 7 )-correlations with increasing energy in fig. lb is related 
to the fact that the contribution to the transverse-transverse cross section of 5z = x^/swcw 
(according to Table 2) decreases asymptotically as 1/s 2 and becomes negligible, thus allowing for 
a clear separation of x 7 and y 7 , as in this limit these parameters contribute to different helicity 

8 Statistical errors only are taken into account. A discussion of systematic errors is beyond the scope of the 
present investigation. Some studies of systematical uncertainties can be found in p5|. 
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Sz 




xz 




yz 


zz J 


3 


-1.19 -T- 1.27 


-0.29 4 0.95 


-2.48 4-2.13 











-0.15 -j- 0.11 


-0.01 4 0.08 


-0.17 4 0.23 


-0.052 -7- 0.041 


-0.003 -7- 0.023 


-0.06 4 0.08 


2 


-0.32 4 0.20 


—0.27 -t- 0.87 


sw 
cw 7 











-0.042 -7- 0.024 


-0.010 4 0.076 


—0.011 4- 0.010 


-0.002 4 0.021 


1 




—0.04 4 0.04 


sw 
c w 7 











-0.003 -7- 0.003 


-0.001 4 0.001 


1 





—0.17 -7- 0.21 


sw 
c w 7 











-0.006 -7- 0.007 


-0.002 -j- 0.002 


1 


x 1 


-0.06 4 0.07 


SW X 
c w 7 











-0.004 -7- 0.005 


_n nm — n nm 

U . UVJ J- . \J . \J\J ± 


1 


n 1 1 • n 1 o 
— U.ll — (J.LZ 


n 
u 





n 

u 


n 

u 







-0.004 -j- 0.005 


5 


-4.78 4 4.55 


-0.45 4 1.09 


-6.87- 


- 7.08 


-0.56 4 0.77 


-2.11 4 2.19 





—0.20 4- 0.14 


-0.015 4 0.090 


-0.20- 


-0.29 


-0.028 4 0.033 


-0.05 4 0.05 


-0.067 -7- 0.047 


-0.003 -7- 0.025 


-0.06 - 


- 0.04 


-0.006 4- 0.007 


-0.01 4 0.01 


4 


—0.47 4- 0.40 


— 0.42 1.05 


SW X 
c w 7 


—0.54 4-0.74 


-0.88 4 0.88 





-0.046 -7- 0.036 


-0.013 -7- 0.083 


-0.027 4 0.031 


-0.05 4-0.05 


—0.012 4- 0.014 


-0.003 -7- 0.003 


-0.006 4 0.006 


-0.01 4 0.01 


3 


-0.45 4 0.31 


—0.31 4 0.96 


sw 
c w 7 


—0.20 4 0.24 


cw 
— y 7 
sw 





-0.044 -7- 0.028 


-0.011 -7- 0.080 


-0.010 4 0.011 


—0.011 4- 0.011 


-0.003 -7- 0.022 


-0.002 4 0.002 


2 


swcw 


-0.09 4 0.10 


SW X 
c w 7 


— 0.17 4-0. 19 


cw 

— y 7 

SW 





-0.004 4 0.005 


-0.009 4 0.009 


-0.001-r-O.OOl 


-0.002 4 0.002 


1 











-0.07 4 0.08 


cw 

— y~z 

SW 





-0.006 4 0.008 


-0.002 4 0.002 


6 


-5.09 - 


-4.82 


-0.47 4 1.14 


-7.28 4 7.53 


-0.58 4 0.82 


-2.23 4 2.33 


±0.2 


-0.22 - 


-0.21 


-0.015 4 0.093 


—0.26 4- 0.31 


-0.029 4 0.034 


-0.05 4 0.05 


±0.005 


-0.075 - 


- 0.083 


-0.003 -7- 0.026 


-0.07 4 0.07 


-0.007 4 0.007 


-0.01 4 0.01 


±0.0005 



Table 5: The 95%C.L. bounds on the non-standard trilinear couplings obtained from fits. 
For each set of free parameters, we present the results of the fits carried out at y/s = 
190GeV, 500GeV and 1000GeV^ for the respective luminosities in Table 4- Note that the various 
choices of free parameters and constraints correspond to the cases listed in Table 1. 
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amplitudes only. In contrast, as seen from fig. la, the correlations between the dimension-4 
couplings, 5z,x^,xz, become stronger at high energies. 

5 Conclusions 

In the present work, we have extended our LEP 2 analysis on e + e~ — > W + W~ to the energy 
range of a future e + e~ linear collider working at 500GeV to lOOOGel^. For integrated luminosi- 
ties of lO/fe -1 and at hWGeV and lOOOGeK, respectively, we found that the bounds 
on non-standard couplings will be of the order of 10~ 2 to 10~ 3 . With respect to measurements 
at LEP2, this will be an improvement by at least one order of magnitude. In fact, the bounds 
will reach the magnitude of (standard) radiative corrections. 

We have derived simple scaling laws for the sensitivity of the reaction e + e~ — > W + W~ 
for the determination of non-standard couplings. According to the scaling laws the sensitivity 
increases as s\J~L for the anapole and as \fsL for all other couplings. This agrees with what we 
have found in the detailed simulation of the analysis of future data. 
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Figure captions 

Figure 1: Contour plots (95% C.L.) obtained in the two-parameter fits of 

a) the parameters 5z and x 7 with the constraints xz = — §^7^7 , V-y — Hz = 0, 

b) the parameters x 7 and y 7 with the constraints 

Sz = , x z = -^x y , y z = ze-y-. 

Figure 2: Contour plots (95% C.L.) for the three-free-parameter case, (8z, x 7 , y 7 ), 
with the constraints xz = —^x 7 , yz = j^V-y m 

a) the (xj, Sz) plane, 

b) the (?/ 7 , 5z) plane, 

c) the (x 7 , y-y) plane. 
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